Aim: Previous case reports have described the administration of lipid emulsion therapy in lipophilic drug intoxication cases. In this study, we wanted to contribute to the literature that lipid emulsion therapy could also be given lipid as the last weapon in not only lipophilic drug intoxication but also all intoxication cases with worsening general condition.
Introduction
For the first time in 1998, the infusion of soybean oil used in total parenteral nutrition solutions showed that it could prevent cardiovascular collapse resulting from an overdose of bupivacaine in anesthetized rats and could improve resuscitation (1) . In another experimental model, spontaneous circulation was restored in all lipid-treated animals following a bupivacaine challenge, but it was not restored in any of the saline-treated control subjects (2) . The first case report describing the use of intravenous lipid emulsion (ILE) therapy as a rescue or antidotal therapy for acute intoxication was published in 2006 (3) . In recent years, it has become one of the most recommended treatment methods for patients who have experienced cardiac arrest or those with high hemodynamic risk following xenobiotic toxicity (4) .
The mechanism of action of ILE in the management of intoxication is not yet fully understood; however, numerous mechanisms are thought to contribute to its activity. The emulsion acts as a lipid sink that surrounds and neutralizes a lipophilic drug molecule. Several in vitro and in vivo studies have confirmed the benefits of the lipid sink impact (5-7). The in vitro models have suggested that the mechanism underlying ILE binding depends on the lipid/water partition coefficient and distribution volume. The lipid/water coefficient defines how easily a drug moves between the water and lipid medium (8) . Drugs with a LogP >1.72 are classified as having high permeability and those with a LogP <1.72 are considered to have low permeability (9, 10) .
In this retrospective study, we aimed to share the demographic data and outcomes of patients treated with ILE therapy based on lipophilicity in the emergency department in the light of the literature. We were especially interested in patients with poor general status despite ongoing initial antidotal and extracorporeal therapies, regardless of the lipophilicity of the toxic agent.
Materials and Methods

Trial Design and Participants
A total of 73 patients, who were admitted to the emergency room and received ILE therapy between January 1, 2014 and January 1, 2017, were retrospectively evaluated with the approval of the local ethics committee (53043469-050.04.04/2017-1071). A total of 65 patients with accessible data were included in this research.
According to the dosing scheme recommended by the American College of Medical Toxicology, each patient was administered a bolus of 20% ClinOleic (Baxter) at 1.5 mL/kg for 1-3 minutes (11). The infusion continued at 100 mL/h (0.025 mL/kg/min) until the hemodynamic variables returned to normal. The lipid/water partition coefficients (LogP) of the drugs taken at toxic doses were determined and they were divided into hydrophilic and lipophilic groups (9,10).
Follow-up
All patients were followed-up in the emergency intensive care and emergency observation units. Demographics, admission data, intensive care follow-up, extracorporeal treatments and outcomes were evaluated. Since the patients receiving ILE therapy in our service were followed-up for one month, any additional complaints were evaluated for one month after discharge.
Statistical Analysis
The normality of continuous variables was evaluated by Kolmogorov-Smirnov test. The descriptive statistics of the normally distributed variables were expressed as mean ± standard deviation, and an Independent Samples t-test was used for comparisons between the groups. The descriptive statistics of the non-normally distributed variables were expressed as median (25%-75%), and Mann-Whitney U test was used for comparisons between the groups. P value <0.05 was considered statistically significant.
Results
Among the 73 patients who underwent ILE therapy due to intoxication, the data of 65 patients was obtained. Of these patients, 55.4% (n=36) were females and 44.6% (n=29) were males. The mean age was 32.5±12.6 years for females and 35.0±14.7 years for males.
The cut-off value for lipid/water partition coefficient was 1.72, and the patients were divided into hydrophilic and lipophilic groups accordingly (Table 1) . Of the 59 patients in the lipophilic Türkdoğan et group, 56 presented with intake of only lipophilic drugs and three presented with intake of both hydrophilic and toxic lipophilic drugs. Of the six patients in the lipophilic group, two presented with intake of only hydrophilic drugs and four presented with intake of both lipophilic and toxic hydrophilic drugs.
The length of hospitalization, Glasgow coma scale (GCS) score, mean arterial pressure (MAP) and respiratory rate of the patients are shown in Table 2 . The respiratory rate was significantly higher in the lipophilic group than in the hydrophilic group (p=0.003). Thirty-six patients were in the mono-drug group and 29 were in the poly-drug group. Three patients died during treatment and one patient developed pancreatitis. Mortality occurred due to insecticides in two patients and quetiapine in one patient. When the patients were classified according to the administered extracorporeal therapy, plasmapheresis was administered in one patient in the hydrophilic group and in two in the lipophilic group. Hemoperfusion was administered in four patients, hemofiltration in one patient, and hemodialysis in one patient in the lipophilic group.
ILE therapy was administered in addition to antidotal therapy in two patients in the hydrophilic group and five patients in the lipophilic group. The reasons for the ILE administration in addition to the antidotal therapy were low GCS score in three patients, the development of tachypnea in two patients and hypotension in two patients.
The vital signs and examination results of the patients at the time of admission were compared between the lipophilic and hydrophilic groups. The only statistically significant finding was the respiratory rate, which was 16.0 (range, 15.5-17.3)/min in the hydrophilic group and 20.0 (range, 18.0-22.0)/min in the lipophilic group (p=0.003). The only variable that was restored after the neurological and vital sign examinations 12 hours after admission was the respiratory rate.
Discussion
One of the results making this study unique was the fact that ILE therapy could be applied regardless of whether the patient was overdosed with a lipophilic or hydrophilic substance. The other reason was that the respiratory rate could be used to evaluate the response of a patient to ILE administration. The only variable restored was the respiratory rate, which improved at 12 hours in the lipophilic group and 24 hours in the hydrophilic group. The delayed elevation of the respiratory rate in the hydrophilic group could be explained by late passage of drugs into the central nervous system. However, the decrease in the respiratory rate 24 hours after the ILE therapy could be attributed to the indication of lipid activity in the hydrophilic group.
One theory suggested that local anesthetics suspended the transport of fatty acids to cardiac mitochondria, thus decreasing the energy supply. Fatty acids provide a readily available energy resource for the myocardium, thus improving the function of the heart (12). However, this theory is insufficient to explain the effects of ILE therapy that we encountered in the non-local anesthetic and LogP <1.72 drug intoxication patients. We believe that this effect is associated with all drugs according to the LogP value of the toxic agent. In their study, Levine et al. (13) reported a case of acute pancreatitis and acute respiratory distress in a 13-year-old female patient who was given a lipid emulsion dose recommended by the American Society of Regional Anesthesia and Pain Medicine following tricyclic antidepressant overdose. The lipase level peaked at 1.849 U/L on the 5 th day of lipid administration. In our series of 65 patients, one patient among the patients who received IV organophosphate as a complication had a mild amylase increase. In addition, allergy developed in one patient who had escitalopram overdose.
In their review, Cao et al. (14) classified the drugs taken according to the LogP=2 classification. According to this study, metoprolol remained in the hydrophilic group, even though it was described as moderately lipophilic in the literature (15) (16) (17) (18) . In our study metoprolol remained in the lipophilic part of the classification.
No significant difference was found between the groups in terms of length of hospitalization, GCS and MAP values at 12 and 24 hours. However, there was an increase in the GCS score 12 hours after ILE administration compared to the admission scores in both groups. Although some of the case reports stated that ILE therapy was administered at lower GCS scores, the overall evaluation of the GCS scores was another important part of our study.
Poly-drug intake is unknown in the literature. In our study, 44.6% (n=29) of the patients given ILE therapy presented with poly-drug intake. Four of the six patients in the hydrophilic group were admitted with lipophilic drug intake in addition to the intake of toxic hydrophilic drugs. This indicates that patients can receive additional lipophilic drugs despite the fact that the causative agent was hydrophilic, and thus, the toxic picture might worsen.
Three of the patients died during the treatment, and of those, the mortality occurred due to insecticide intake in two patients and quetiapine intake in one patient. It has been reported in the literature that low-dose lipid therapy could be useful in case of quetiapine and insecticide intoxications (19, 20) . In our study, the reasons for the response failure of ILE therapy could be the low GCS scores at admission (3, 4, 3) and late presentation to emergency service.
In one study, combined use of ILE therapy and extracorporeal treatment methods did not provide additional benefits in clinical practice (21) . The patients were classified based on the administered extracorporeal therapy: plasmapheresis was administered in three patients, hemoperfusion in four patients, hemofiltration in one patient, and hemodialysis in one patient. Lipid therapy was applied in patients in whom the extracorporeal therapy would be delayed.
Filter occlusion was not observed in any of the patients because ILE was discontinued one hour before the extracorporeal therapy. The ILE therapy was administered in addition to the antidotal treatment in seven patients due to low GCS scores in three patients, the development of tachypnea in two patients, and hypotension in two patients.
Study Limitations
This study had several limitations. For example, it was designed as a retrospective study without pediatric patients. In addition, time from drug intake to hospital admission and time from admission to decontamination were not determined.
Conclusion
In conclusion, we believe that ILE therapy can be used as a last resort treatment regimen in cases of delayed antidotal and extracorporeal treatments, regardless of the lipophilicity of the toxic agent, especially in patients with a poor general status. In addition, the respiratory rate can be used to assess the response of a patient to ILE therapy. Further large-scale studies are needed both for the demonstration of the action mechanism and implementation in practice.
Ethics
Ethics Committee Approval: A total of 73 patients, who were admitted to the emergency room and received ILE therapy between January 1, 2014 and January 1, 2017, were retrospectively evaluated with the approval of the local ethics committee (53043469-050.04.04/2017-1071).
Informed Consent: Retrospective study.
Peer-review:
Externally and internally peer-reviewed. 
Authorship Contributions
Concept
